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Rodent infestation is an important factor in the transmission of infectious diseases of public
health importance. From October to November 1998, surveillance stations were established
in 110 boroughs of Kaohsiung City in southern Taiwan. Boroughs were chosen by random
sampling 10 boroughs from each of 11 districts (464 boroughs) in the city. The extent of rodent
infestation was determined by cage trapping. The possibility of applying a community-based
control program was evaluated by investigating associated demographic and environmental
factors as well as related knowledge, attitudes, and behaviors. A total of 90 rodents were
trapped in 41% of the 110 boroughs. Using univariate analyses, 17 factors were significantly
associated with rodent infestation. A lack of knowledge that rodent control relies on
community cooperation was the most important factor among the seven variables associated
with the extent of rodent infestation (OR 3.1) by logistic multiple regression. This revealed
the importance of community cooperation in controlling rodent infestation. Moreover,
improvement of environmental hygiene associated with garbage problems, such as
cleanliness of storage rooms and closets, and the hygiene of empty space and resource
recycling stations should not be ignored.
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It is well known that rodents play an important role in
the transmission of a wide range of infectious diseases
of importance to public health: plague [1], Lyme disease
[2, 3], leptospirosis [4], rickettsiae [5, 6], hantavirus
infection [7, 8], parasitic diseases [9–11], and food
poisoning [12]. Rattus norvegicus, Rattus rattus, and
Mus musculus are the important species of domestic
rodents [13, 14]. Suncus murinus is often present with
other rodents and has been reported to play an
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important role in the spread of plague [15]. Rodent
infestation has been considered a significant public
health problem in South America [16]. The presence of
rodents not only causes uneasiness but also
environmental and food pollution due to their fur and
excreta. Moreover, rodents sometimes bite fixtures
such as gas pipes or electrical wires, which may result
in disaster. In Trinidad and Tobago, rodents are
considered the primary residential hazard [17].
It has been reported that community participation
is the most effective way to control vector-borne
diseases [18–20], in coordination with environmental
management [21].  Before the application of a
community-based rodent control program, it is impor-
tant to evaluate the extent of the damage caused by the
animals and the environmental conditions associated
with rodent infestation. Moreover, the knowledge,
attitudes, and behaviors of the local population should
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also be evaluated. This study was designed as a com-
munity-based program to determine factors associ-
ated with these aspects of rodent infestation.
MATERIALS AND METHODS
From October to November 1998, surveillance stations
were established in 110 boroughs (the smallest units of
local autonomy) of Kaohsiung City in southern Taiwan.
These boroughs were chosen by random sampling of
10 boroughs from each of 11 districts in the city.
Sausages were found to be the most suitable bait
from sausages, dried meat, dried squid, or sweet
potatoes with peanut butter placed separately into
cages with rodents. Two days before trapping, cages
with sausages inside were placed at the trapping sites
and rodents were allowed to take the food and leave
freely. This procedure not only lowered the guard of
the rodents to the traps but also evaluated the
appropriateness of each site.
Six cages were supplied to each family. One cage
was placed in the kitchen, one in the store room, and
another in the living room. The remainder were placed
outdoors next to the fire alley, trash can, and ditch.
Bait was changed every evening for 5 days. Trapped
rodents were brought to our laboratory for species
identification.
A structural questionnaire survey was used to
obtain information on the extent of rodent infestation
in the past 6 months. Respondents included the
borough warden (Group I), four residents living 25 m
to the north, south, east, and west of the warden’s
house (Group II), and another four residents living 50
m to the north, south, east, and west of the warden’s
house (Group III). They were questioned about nests,
feces, carcasses, rub marks, and chewing marks of
rodents.
Knowledge, attitudes, and behaviors concerning
rodent control were also evaluated. The questionnaire
consisted of four parts: 12 items to obtain demographic
information, 19 questions about knowledge, 15
questions about attitudes, and 11 questions about
behaviors. Five experts had evaluated the validity of
this questionnaire; it had a Cronbach α of 0.8 for
reliability of questions concerning attitudes toward
rodent control. For this survey, each of the above
respondents was asked to complete the form during
an interviewer’s visit. In addition, environmental
sanitation, waste disposal measures, and facilities for
vector control in the residential area of each respond-
ent were evaluated using a quantitative structural
questionnaire with 14 items. The validity of this ques-
tionnaire was also evaluated by five experts.
The proportional test was used to evaluate the
agreement between the indicators of rodent infestation
and the results of cage trapping. The chi-square test
was used to determine the significant demographic
and environmental factors for rodent infestation as
well as knowledge, attitudes, and behaviors concerning
rodent control. Statistically significant factors were
further analyzed by logistic multiple regression to
investigate the interactions and important variables
for rodent infestation.
RESULTS
Rodents were trapped in 45 (41%) of 110 boroughs. A
total of 590 respondents were interviewed, including
109 in Group I, 278 residents in Group II, and 203 in
Group III. The response rate was 60% (590/990). A
total of 522 questionnaires were completed and
statistically analyzed (group I: 108, group II: 238, group
III: 176). Completed questionnaires included 214 from
residents of boroughs where rats were trapped and
308 from residents of boroughs where no rats were
trapped. Table 1 shows the agreement between the
findings of rodent infestation indicators and the results
of cage trapping. Finding carcasses, nests, feces, noise,
and rub marks of rodents was consistent with cage
trapping (p < 0.05). Moreover, bungalows (odds ratio,
OR, 2.4), farmers or laborers (OR 1.8), and total
residential area of more than 105 m2 (OR 1.7) as well as
empty space (OR 1.7), and resource recycling stations
(OR 1.6)  in the community,  were significant
Table 1. Agreement between the indicators of rodent
infestation and results of cage trapping (n = 522)
Indicator
Cage trapping
Consistent, n (%) Inconsistent, n (%)
Carcasses 308 (59.0)* 214 (41.0)
Nests 296 (56.7)* 226 (43.3)
Feces 302 (57.9)* 220 (42.1)
Noise 299 (57.3)* 223 (42.7)
Rub marks 309 (59.2)* 213 (40.8)
*p < 0.05, consistent; inconsistent by proportional test.
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demographic and environmental factors associated
with rodent infestation (p < 0.05) (Table 2). However,
there were no significant associations between the
results of cage trapping and sex, age, or educational
level of respondents, rented or owned housing,
construction material of the house, age of the house, or
the number of members in the household (p > 0.05).
Significantly higher rates of cage trapping were
found among respondents who did not know that
rodent control relies on community cooperation, that
pesticides are not best for rodent control, that changing
pesticide can prevent drug resistance, and that flea
control can be achieved by sprinkling flea powder in
rodent-active areas (p < 0.05) (Table 3). However, no
significant association was observed between the
results of cage trapping and knowledge of the ecology,
habits, and dietary habits of rodents (p > 0.05). Signifi-
cantly higher trapping rates were found among re-
spondents without positive attitudes to community-
based cooperative control (OR 1.9), who did not un-
derstand the habits of rodents before control (OR
1.8), who did not wrap and store leftover food well
(OR 2.0), and who did not keep storage rooms and
closets clean (OR 2.1) (p < 0.05) (Table 3).
The association between significant aspects of en-
vironmental sanitation and rodent infestation is shown
in Table 4. Dirty trash containers (OR 2.4) or fire alleys
(OR 1.5) and trash cans placed around houses (OR 1.5)
were significantly associated with rodent infestation
(p < 0.05). The extent of rodent infestation was greater
in houses without storage rooms (OR 1.5) (p < 0.05).
However, no significant association was found be-
Table 2. Significant demographic and environmental factors associated with rodent infestation (n = 522)
Factor
Cage trapping
Odds ratio (95% CI)
Positive (n = 214) Negative (n = 308)
Bungalows 48 (22.4%) 33 (10.7%) 2.4 (1.6–4.2)
Farmers or laborers 47 (22.0%) 41 (13.3%) 1.8 (1.3–3.7)
Total residential area > 105 m2 66 (30.8%) 66 (21.4%) 1.7 (1.1–2.5)
Empty space in community 84 (39.3%) 84 (27.3%) 1.7 (1.2–2.5)
Presence of resource recycling station 47 (22.0%) 46 (14.9%) 1.6 (1.1–2.5)
CI = confidence interval.
Table 3. Significant knowledge, attitudes, and behaviors associated with rodent infestation (n = 522)
Factor
Cage trapping
Odds ratio (95% CI)
Positive (n = 214) Negative (n = 308)
Knowledge
Rodent control does not rely on 15 (7.0%) 8 (2.6%) 2.8 (1.2–6.6)
community cooperation
Flea control is not achieved by sprinkling 62 (29.0%) 60 (19.5%) 1.7 (1.1–2.5)
flea powder in rodent active areas
Pesticide is best for rodent control 150 (70.1%) 184 (59.7%) 1.6 (1.1–2.3)
Changing pesticide is not to prevent 82 (38.3%) 92 (29.9%) 1.5 (1.1–2.1)
drug resistance
Attitudes
Community-based cooperative 27 (12.6%) 22 (7.1%) 1.9 (1.1–3.4)
rodent control is not necessary
Knowing rodent habits is not necessary 60 (28.0%) 56 (18.2%) 1.8 (1.2–2.7)
before control
Behaviors
Storage rooms and closets not kept clean 46 (21.5%) 35 (11.4%) 2.1 (1.3–3.4)
Leftover food not stored well 22 (10.3%) 17 (5.5%) 2.0 (1.1–3.8)
CI = confidence interval.
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tween rodent infestation and households with fruit
peel, paper, trash, or dirt. Moreover, clearing ditches
daily or setting furniture was also not significantly
associated with rodent infestation.
Although rodent infestation was associated with
17 variables (p < 0.05), a lack of knowledge that rodent
control relies on community cooperation (OR 3.1) was
the most important factor by logistic multiple
regression (Table 5). Other factors were bungalows
(OR 2.5), storage rooms and closets not kept clean (OR
1.9), empty space in the community (OR 1.8), a total
residential area more than 105 m2 (OR 1.7), a resource
recycling station in the community (OR 1.7), and a lack
of knowledge that pesticides are not best for rodent
control (OR 1.6) (Table 5).
DISCUSSION
This study was designed to collect information on
rodent infestation in urban communities. Owing to
the fact that the surveillance stations were set up in
and around the houses of borough wardens instead of
rodent-gathering areas, the results of cage trapping
may have underestimated the extent of rodent
infestation, since the activities of rodents may cover a
large area. Therefore, we collected information
concerning the extent of rodent infestation among
residents 50 m away from the surveillance station by
inquiring about indicators of rodent infestation. The
results obtained by both methods were consistent.
This suggests that inquiring about indicators is useful
to determine the extent of rodent infestation. Moreover,
this study may also reflect the real situation of rodent
infestation in the study area.
Among the factors associated with rodent
infestation analyzed by chi-square test, rodent
infestation is less frequent among people who have
the correct concept that to control rodent infestation,
the cooperation of the whole community is needed
(Table 3). In addition, less frequent rodent infestation
is highly correlated with a correct attitude towards
control of rodent infestation and that control of rodent
infestation should be based on community cooperation.
Schein and Orgain have reported that rodents eat
garbage [22]. In our analysis, the variables related to
garbage were found to be statistically significantly
associated with rodent infestation. For example, rodent
infestation is less serious for those who wrap up leftover
food well and store it properly (Table 4). Concerning
factors involving environmental hygiene, rodent
infestation is less severe for those who have better fire
Table 4. Significant aspects of environmental sanitation associated with rodent infestation (n = 522)
Factor
Cage trapping
Odds ratio (95% CI)
Positive (n = 214) Negative (n = 308)
Trash container hygiene below average* 127 (59.3%) 155 (50.3%) 2.4 (1.3–5.6)
Fire alley hygiene below average* 80 (37.4%) 86 (27.9%) 1.5 (1.1–2.2)
No storage room in house 124 (57.9%) 146 (47.4%) 1.5 (1.1–2.2)
Placing trash containers around houses 44 (25.9%) 45 (17.1%) 1.5 (1.1–2.1)
*These factors were classified by total scores measured using a quantitative questionnaire.
Table 5. Logistic multiple regression analysis for determinants of rodent infestation (n = 522)
Items Adjusted OR (95% CI) p
Lack of knowledge that rodent control relies on community cooperation 3.1 (1.3–8.5) 0.0076
Bungalow 2.5 (1.5–4.2) 0.0003
Not keeping storage rooms and closets clean 1.9 (1.1–3.1) 0.0019
Empty space in community 1.8 (1.2–2.6) 0.0041
Total residential area > 105 m2 1.7 (1.2–2.5) 0.0065
Resource recycling station in community 1.7 (1.0–2.7) 0.0321
Lack of knowledge that pesticides are not best for rodent control 1.6 (1.1–2.3) 0.0291
OR = odds ratio; CI = confidence interval
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alley hygiene and trash containers (Table 4). On the
other hand, rodent infestation occurs more frequently
in communities with empty spaces and resource recy-
cling stations (Table 2). A possible reason is that inap-
propriate management of these places provides ro-
dents with food and places to hide. Therefore, moving
these stations away from high infestation areas may
also contribute to a reduction in the extent of rodent
infestation. Bungalows are usually found in older
areas of the city and may also have a larger area and
more empty space. These factors also had significant
influence on the extent of rodent infestation.
In multiple variable analysis, important factors
were house style followed by the cleanliness of storage
rooms and closets (that do not provide a place for
rodent inhabitation), empty space, the concept that
the best way to control rodent infestation is the
cooperation of the whole community, the actual
residential area, the mistaken concept that pesticide is
the best way to control rodent infestation, and the
establishing of resource recycling stations (Table 5).
The odds ratio of the variable for the concept that
“prevention of rodent infestation needs the cooperation
of the whole community” is 3.1, which is the highest of
the seven variables. This indicates that the risk of
infestation is 3 times higher among people who do not
have this concept than among those who do. This
revealed the importance of community cooperation in
controlling rodent infestation. Moreover, the
improvement of environmental hygiene associated
with garbage problems, such as cleanliness of storage
rooms and closets, thereby preventing rodent
inhabitance, and the hygiene of empty space and
resource recycling stations should not be ignored.
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